Water samples were collected from 15 springs in Tafileh and analyzed for 13 water quality variables physicochemical parameters. The principal components analysis (PCA) applied to define the parameters responsible for the main variability in water quality variance for Tafileh Springs. The PCA produce four significant main components and explain more than 79% of the variance. Namely, seasonal effects, springs effects, agricultural and storm water effects, geological effect, and disposed wastewater effect; that represent 47.048%, 15.153%, 9.241% and 8.231% respectively, of the total variance of water quality in Tafileh area. The results of PCA reflected a good look on the water quality monitoring and interpretation of the groundwater.
Introduction
The complexity of water quality as a subject is reflected in various types of measurements. The particulate problem in case of water quality monitoring is the complexity associated with analysis a large number of measured variables (Bayacioglu, 2006) . The data sets contain rich information about the behavior of the water body. The classification, modeling and interpretations of monitoring data are the most important steps in the assessment of water quality. Water quality parameters interact with each other to define the resource water quality. Many re-
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searchers treated water quality parameters individually by describing the seasonal variability and their causes. While it is difficult to interpret all the parameters patterns in combinations (Shihab, 1993) .
In recent years, many studies have been done using PCA in the interpretation of water quality parameters. Lohani and Todino (1984) utilized principal components (PC) technique to provide a quick analytical method for the water quality of Chao Phraya river in Thailand. Shihab (1993) used this technique in order to describe the variation in water quality in Al-Mosul dam reservoir and the regulating lake to reduce the number of water quality parameters needed for monitoring the lake water. Mazlum et al. (1999) determined factors that caused variations in water quality at the Porsuk Tributary in the Sakarya river basin by using PCA. Researchers referred that PCA is more reliable than factor analysis and it is a pure mathematical technique without any assumption.
Also, PCA has been successfully applied to sort out hydrogeological and hydrogeochemical processes from commonly collected groundwater quality data (see Jayakumar PCA is employed in this study; this technique can be used to obtain relationship between parameters, to identify the factors and sources influencing groundwater quality and to suggest useful tools for both management of water resources and monitoring of groundwater quality of springs in Tafileh area.
2.
Materials And Methods
Study Area
The investigated area, in general, was considered as a very arid to semiarid area, while it is marked by sharp seasonal variation in both temperature and precipitation. It is about 80km far from the sea and the annual rainfall is about 321 mm/year (Department of Meteorology, 2004). The winter season in Jordan is the principle season of rainfall, the water year starts in late October to April. The prevailing wind direction is westerly and southwesterly, on the other hand water resources in Jordan mainly depend on rainfall, which is subject to great variability. Meanwhile, there is an observed population growth, so there is high demand for water (Salameh, 1996) .
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The pollution and scarcity of water resources are the most important challenges facing the country, while the pollution of water is caused by the high population, arid to semiarid climate and the lack of sewer systems, which results to infiltrate of wastewater into spring and groundwater resources (see Al-Kharabsheh and Ta 'any , 2003; Salameh, 1996) . In the towns and villages in Jordan, wastewater from septic tanks and cesspools infiltrate into the groundwater accelerates the pollution problems. It increases the pressure on the water resources by increasing the metals, salinity and ionic composition such as nitrate, sulfate, ammonia, phosphate and organic materials. Springs water in the investigated area is the major source for drinking water and irrigational activities. The average discharge in the springs in Tafileh area ranges from 1.1m
3 /h to 32.8m 3 /h. Approximately, 89% of the total amount of the rainfall water precipitated over area evaporates into the atmosphere and the rest flow in and feeds the groundwater. The ground water resources in the investigated area consist of 15 springs.
Figure1: Jordan Map
Data Collection
Samples were collected from 15 springs in Tafileh area; monthly samples were collected from these springs first day of each month commencing on January 2004 to January 2005. So that 180 samples were taken through this period. For each sample, 13 parameters were measured these parameters which is including:
, NO3, CHO3, SO4.
Data Processing
The 13 parameters obtained from the laboratory analysis were used as variables inputs for PCA. Since water quality parameters had different magnitudes and scales of measurements, so the data were standardized to produce a normally distribution of all variables (Davis, 1973 ).
In the standardization, the raw data were converted to unit of zero mean and a variance of one, by subtracting from each variable the mean of data set and dividing by standard deviation. From the standardized covariance or correlation matrix of the data the initial factor solution were extracted by the multivariate PC extraction, then a number of PC were selected from the initial according to their eigenvalues and scree diagram. Orthogonal rotation of the selected initial components to terminal factor solutions was done by Kaiser's Verimax schemes that attempt to achieve simple structure with respect to both the rows and columns (Kleinbaum et al., 1988) .
In this study, the eigenvalue one criterion was used to determine the numbers of PCs based on the assumption that only eigenvalues greater than one were considered important and the higher eigenvalues are more significant. Varimax normalization was then applied as the rotation method in the analysis on the PCs for better interpretation of results. Varimax factor loadings of 75% were considered strong, although the terms 'strong', 'moderate' and 'weak' as applied to loadings, refer to absolute loading values of >0.75, 0.5-0.75 and 0.30-0.50, respectively.
Discussion
PCA was performed on standardized matrix of the raw data in which a water samples is described by 13 physical and chemical parameters. This technique aims to transform the observed variables to a new set of variables (PC) which are uncorrelated and arranged in decreasing order of importance so that to simplify the problem. Table 5a , represented the determined initial PC and its eigenvalues and percent of variance contributed in each PC. Figure 2 , show that the scree plot of the eigenvalues for each component.
Eigenvalues accounts and scree plot showed that the first four PC is the most significant components which represent 79.673% of the variance in water quality of Springs in Tafileh area: 47.048% by PC1, 15.153% by PC2, 9.241% by PC3, and, 8.231 by PC4; in addition, it have eigenvalues of more than one. Components loading and communalities for each variable in four selected components before: Varimax rotation was explained in Table 5b ; and after Varimax rotation in Table  5c .
Communalities provide an index to the efficiency of the reduced set of components and degree of contribution of each variable in the selected four components. In our case, communalities showed that all the variables have been described to acceptable levels in the selected components with more than 50% for the less one of them which is the ph. Table 6 , shows the correlation matrix of components of Varimax rotated four PC. It is noted that there are no correlation between components each components represent a discrete unit from others.
Interpretation of groundwater quality parameters for springs
35
Components loading (correlation coefficients), which measure the degree of closeness between the variables and the PC. The largest loading either positive or negative, suggests the meaning of the dimensions, positive loading indicates that the contribution of the variables increases with the increasing loading in dimension; and negative loading indicates a decrease (Jayakumar and Siraz, 1997).
In general, component's loading larger than 0.6 may be taken into consideration in the interpretation, in other words, the most significant variables in the components represented by high loadings have been taken into consideration in evaluation the components (Mazlum et al.,1999 ). The concentrations of the parameters in groundwater in the study area are all within the WHO (WHO, 2004) allowable limit for drinking water. EC higher than the limits in some springs. In total hardness (TH) classification the water in the area is hard or very hard.
Descriptive Statistics for All the Parameters
Principal Components Interpretations
Principal Component I; has a high loading of EC, Ca, Mg, Na, Cl, NO3, SO4, TH, and TDS which explain 47.048% of the total variance (Table 5a, Principal Component III; have 9.241% of the total variance in springs water and includes ph and Tem, represent the variation in natural atmospheric conditions, from temperature and rainfall that represent the seasonal effects upon water quality.
Principal component V; this component has high loading in the K +1 , represent 8.231%of the total variance. It can indicate to the effect of drainage of agricultural and storm water that washing out the top soil with its different impurities with its chemical fertilizer.
In summary, the four extracted PC representing four different processing are reflecting the effects of seasonal, agricultural drainage and storm water, geological and wastewater pollution from domestic and industrial.
Correlation
Pearson correlation (r) matrix was used to determine the relationship between variables. The classification was based on Guildford's rule (Guildford, 1973) of thumb for interpreting the Pearson product moment correlation (Table 3 ). The correlation matrix (Table 3) , describes the interrelationship between variables and the results for 13 hydrochemical parameters which show that the very high positive correlation (p) exist between TH-Ca. High positive correlation (S) exist between EC and Cl, Mg-(SO4, TH, TDS), Na-(NO3, SO4, TDS), Cl-(TH, TDS), NO3-TDS and SO4-TDS. A moderate correlation (M) exists between EC-(Ca, Mg, TH, TDS), Ca-(Mg, Cl, TDS), Mg-(Na, Cl, NO3), K-(SO4, TDS), NO3-SO4, SO4-TH, TH-TDS.
It can also be an indication of weathering of calcite mineral, as illustrated in Equations (1) (carbonate acid formation) and (2) (calcite weathering equation):
First, H2O in the atmosphere reacts with CO2 to form carbonic acid (Equation 1 ), then the Rain water falls on the land surface and dissolves part of the aquifer's parent material, CaCO3(calcite) (Isa, et al., 2012), as shown in (Equation 2). These processes give rise to surplus Ca and HCO3 ions, thus during the recharge process a lot of Ca and HCO3 ions are released into the groundwater. 
Conclusion
From the 13 components in Table 5a , the first four components are sufficient to explain the monitoring area. These components explain 79.673% of the total variance of the original data set in study area. Moreover, the first four selected PC explained more than 50% of the variance of each quality variable; see communalities in Table 5a and 5b. PCA of water quality data for the springs showed that seasonal effects, agricultural wastes and storm water effects and geological effects and industrial wastewater discharges are the main variation in water quality of the specified area. The results of PCA reflected a good look on the water quality monitoring and interpretation of the groundwater.
